Objective: Determine the histologic response-rate (complete versus partial tumor extinction) after single radiofrequency ablation (RFA) of small hepatocellular carcinoma (HCC) arising in cirrhosis. Investigate possible predictors of response and assess efficacy and safety of RFA as a bridge to liver transplantation (OLT). Background: RFA has become the elective treatment of local control of HCC, although histologic data supporting radiologic assessment of response are rare and prospective studies are lacking. Prognostic impact of repeated RFA for HCC persistence is also undetermined. Methods: Percentage of RFA-induced necrosis and tumor persistence-rate at various intervals from treatment was studied in 60 HCC (median: 3 cm; Milan-Criteria IN: 80%) isolated in 50 consecutive cirrhotic patients undergoing OLT. Single-session RFA was the only treatment planned before OLT. Histologic response determined on explanted livers was related to 28 variables and to pre-OLT CT scan. Results: Mean interval RFA3 OLT was 9.5 months. Post-RFA complete response rate was 55%, rising to 63% for HCC Յ3 cm. Tumor size was the only prognostic factor significantly related to response (P ϭ 0.007). Tumor satellites and/or new HCC foci (56 nodules) were unaffected by RFA and significantly correlated with HCC Ͼ3 cm (P ϭ 0.05). Post-RFA tumor persistence probability increased with time (12 months: 59%; 18 months: 70%). Radiologic response rate was 70%, not significantly different from histology. Major post-RFA morbidity was 8%. No mortality, Child deterioration, patient withdrawal because of tumor progression was observed. Post-OLT 3-year patient/graft survival was 83%.
T he application of radiofrequency ablation (RFA) to the treatment of human liver tumors was pioneered in the early 1990s both in Europe and the USA. [1] [2] [3] Since then, technology of alternating electric current and electromagnetic energy delivery within living tissues, as well as different clinical applications and approaches (percutaneous versus laparoscopic or laparotomic 4 -7 ) have been tested, with an estimated advantage of RFA over liver resection in terms of posttreatment morbidity and mortality, hospital stay, and costs. [7] [8] [9] A possible gain in both life expectancy and cost per year of life saved has been envisaged for adjuvant percutaneous alcohol injection (PEI) and presumably for RFA in patients awaiting liver transplantation 10 and in considerable number of liver units, RFA has become the elective treatment of local control of HCC, even in patients eligible for liver resection or transplantation. [11] [12] [13] [14] Despite its easy handling and use in different specialties, very little information exists on the efficacy of RFA in terms of pathologic confirmation of complete tumor extinction in every treated nodule. 15, 16 Moreover, the real impact of RFA on HCC prognosis and long-term survival of patients is difficult to assess, due to the widespread practice of retreating tumor nodules in which persistence of neoplastic tissue is suspected, whether at contrast enhanced ultrasound or CT/NMR imaging. [17] [18] [19] [20] [21] In fact, the ultimate oncologic question on RFA is focused on the possible relationships between tumor charac-teristics (such as size, growth pattern, or location within the liver) and predictability of response obtained after each procedure.
It has to be emphasized that the differences in assessing tumor response (histology versus imaging) continues to hamper an unbiased comparison between liver resection and RFA as the most effective treatment of HCC, when liver transplantation is not recommended. 11, 15, 16, 22 However, the model of liver transplantation offers a quite unique opportunity to validate RFA efficacy in treating HCC: in fact, the entire cirrhotic liver and the previously "ablated" tumor can be studied with a detailed pathology analysis focused on both treatment-induced necrosis and possible tumor characteristics related to response.
On such assumptions, we conducted a prospective study in which RFA was given as the only treatment of HCC in cirrhotic patients awaiting orthotopic liver transplantation (OLT). The unforeseeable time period from RFA to tumor removal at the time of transplant offered also an opportunity for estimating the probability of residual HCC in the site of treatment at various time intervals from RFA procedures.
MATERIALS AND METHODS

Patients and HCC Characteristics
From March 1998 to February 2003, a consecutive series of 50 cirrhotic patients with concurrent HCC underwent RFA while awaiting liver transplantation at the National Cancer Institute of Milan.
According to the Child-Pugh scoring system, 23 the series included 11 class A (22%), 30 class B (60%), and 9 class C patients (18%). Cirrhosis was related to HBV infection in 24 cases (48%), HCV in 22 cases (44%), HBV plus HCV in 3 (6%), and cryptogenic in 1 case (2%).
Pretransplant tumor staging included contrast enhanced ultrasound, total body double/triple phase helical CT scan, bone scan, brain and cholangio-NMR, together with upper and lower G.I. tract endoscopy. Confirmation biopsy of HCC was not requested by pretransplant protocol, although it was obtained in 6 cases (12%) of doubtful imaging diagnosis associated with normal ␣-fetoprotein (AFP) serum-level. 24 
RFA Protocol and Technique
All patients with HCC in the setting of cirrhosis evaluated for OLT were considered eligible for RFA, unless severe liver failure (Child-Pugh Ͼ11, MELD score Ͼ24) discouraged any treatment attempt, while waiting transplantation. 23, 25 The specific requirement of the study protocol was that RFA had to be applied only once and for all in each targeted HCC, although multiple needle insertions in the tumor were allowed as a part of each treatment session.
Even though RFA was elected to be the unique pretransplant treatment in all patients, each procedure was tech-nically performed on the basis of patient (and tumor) characteristics, as a result of a multidisciplinary discussion among surgeons and interventional radiologists. Percutaneous approach for RFA was applied in 29 patients (58%), while the remaining 21 underwent RFA in the operating room, under general anesthesia as a part of pretransplant laparoscopic video-assisted staging and treatment of HCC, using intraoperative ultrasound. Among them, there were 3 cases in which transplant candidacy was decided after liver resection of HCC associated with RFA of a second unresectable tumor nodule. Depending on device availability, operator preference and tumor location, RFA was performed in 42 cases (84%) using a "hook-tip" needle housing 4 or 7 retractable curve electrodes (RITA Medical System, Mountain View, CA), while in 8 cases (16% of HCC nodules) ablation was achieved using a "cool-tip" needle housing an exposed 2-to 3-cm electrode and an internal water cooling system (Radionics TM, Burlington, MA). In all instances, RFA was performed with real-time US guidance using a 3.5-MHz convex-probe (HDI 5000, ATL Ultrasound, Bathell, WA; or Aloka 2000, Aloka, Tokyo, Japan) and a guide device incorporated into the US probe in case of percutaneous puncture or during intraoperative approach.
In case of laparoscopic RFA, the US probe was applied directly onto the liver surface, through a 12-mm trocar placed in the right upper quadrant of the abdomen, while the electrode placement into the tumor was directed by hand. 4, 5 Grounding was achieved by 2 dispersive pads of at least 400 cm 2 attached to the patient's thighs, and during the procedures local tissue temperature was continuously monitored, as well as tissue impedance.
During RFA application, the appearance and progression of hyperechogenicity in the targeted tumor was used to guide the duration of therapy. In fact, RFA was applied until the tumor appeared completely hyperechoic for an application time of energy lasting an average of 12 minutes. In case of repositioning of the RFA electrode, that was directed to the area of tumor where hyperechogenicity was not evident after the first needle placement.
Color-Doppler flow imaging was also performed to assess loss of hypervascularity in the tumor after treatment, and in some recent cases, this was achieved through real-time contrast-enhanced US (Sonovue, Bracco, Milan, Italy).
The study was performed with the approval of the institutional scientific and ethic committees, and a written informed consent was obtained from every patient prior to treatment.
Post-RFA Imaging, Liver Transplantation, and Follow-up
The consistency of response to RFA was evaluated by contrast-enhanced CT on the day following treatment. In case of confirmation of short-term effect on the targeted areas, further CT was planned 3 and 6 months after treatment, namely, at the conventional interval accepted as highly predictive for correct determination of tumor necrosis. 26, 27 Though always performed at each follow-up visit, conventional ultrasound was not used to evaluate post-RFA response during pretransplant follow-up. Liver transplantation was performed according to standardized procedures, and follow-up was run in a dedicated outpatient clinic.
Assessment of RFA Therapeutic Efficacy in the Removed Liver
Two pathologists examined each surgical specimen under senior staff supervision (S.A.), unaware of pretransplantation imaging and RFA modality. Timing of histologic evaluation was not within investigators' control, since it was only dependent on liver graft availability and transplantation date.
Besides cirrhosis and fibrosis score determination, the liver graft was also investigated for the presence of vital satellites (ie, small tumors close to the main HCC or within the same segment) and for other HCC foci in other segments.
To do that, the removed liver was fixed in 10% formalin and then cut into slices of about 0.8 to 1 cm through sagittal planes, similar to the CT scan. Each suspected neoplastic nodule, as well as all tumors targeted by RFA, was identified for conventional optical microscopy after hematoxylin-eosin staining. Sampling procedures were intended to prepare slices of 1 cm 2 as for a systematic mapping of the neoplastic nodule at the level of its maximum diameter. An average of 15 slides per tumor nodule was prepared, with the overall percentage of post-RFA necrosis calculated in each HCC summing the percentage of vital tissue determined in each cm 2 . Necrosis was defined as the complete absence of cells or the presence of necrotic or amorphous material. Noteworthy, cellular staining faded with time toward a "thermal fixation" of the tissue treated with RFA, 28 and consequently small islands of affected "ghost cells" within region of coagulative necrosis were not considered as vital tissue ( Fig. 1A, B ).
On the contrary, the diagnosis of "vital" neoplasia was based on the evidence of normal hepatocytes and HCC cells exhibiting (at H&E) a homogeneous eosinophilic staining within cytoplasm and dense basophilic staining of their nuclei. 16 Such occurrences were defined as tumor persistence and considered as partial response to RFA (Fig. 1C, D) . 
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Statistical Methods
A total of 28 variables were collected from patients, tumor, and treatment characteristics (Tables 1-3 ) and correlated to RFA efficacy, expressed as complete necrosis of the treated tumors at histology. Since some patients were treated for multiple lesions, to account for possible correlation within the same subject, the above analysis was carried out by means of a generalized linear model with logit link within a "generalized estimating equations" approach. 29 To estimate the probability of residual HCC during the waiting time for liver transplantation, the event time was computed as the interval from the date of RFA to the date of either clinical (at CT scan during follow-up) or histologic (at liver transplantation) confirmation. The analysis was carried out by means of a Weibull regression model for survival data, in which detection-event times in patients with residual tumor at liver transplantation were considered as "left-censored" data. This was done to account for the fact that the true time of recurrence could be in fact any time between the RFA and liver transplantation. The Weibull model was chosen as the best fitting from a number of parametric models. From the Weibull shape and scale parameter estimates, cumulative probability curve of post-RFA residual HCC was computed and plotted (Fig. 2) . Analyses were carried out using SAS 30 and S-plus 31 statistical packages.
RESULTS
Patients and Posttransplant Tumor Staging
A summary of the general characteristics of the 50 patients treated with a single session of RFA while on the waiting list for liver transplantation is reported in Table 1 .
The large majority of subjects were men (94%) in their fifties (53Ϯ7), and candidacy for transplantation was decided in 60% of them as Child-Pugh class B patients. Overall, 42 out of 50 (84%) became Child-Pugh class B-C by the time of transplantation.
The most common cause of cirrhosis was viral hepatitis, with a comparable number of HBV and HCV etiologies (48% versus 44%); moreover, an association with alcohol consumption was noted in 15 cases (30%). All patients were candidated to OLT according to the Milan Criteria for small HCC in cirrhosis (single nodule Յ5 cm or multiple Յ3 nodules, each Յ3 cm) 32 and a total of 60 hypervascular nodules of HCC underwent RFA as the unique antitumor treatment, while the patients were on the waiting list. Characteristics of the HCC nodules targeted by pretransplant RFA are summarized in Table 2 . Briefly, the average size of treated tumors was 27.5 mm, being 77% of them (46 nodules) Յ30 mm in diameter. The average number of neoplastic tumor nodules per patient was 1.2 (range 1-3), since in 41 patients the HCC occurred as a single lesion and in 9 patients as multiple disease (2 or 3 tumors, mean number: 2.1). Fourteen patients (28%) presented with microscopic tumoral deposits closely related and often coupled with the capsule of the main HCC, the median number of such tumor satellites being 2 (range 1-5).
In about one third of the series (18 pts: 36%) new HCC foci were discovered in the explanted cirrhotic livers: such understaging of tumor extension was referred to a median of 1 additional nodule of HCC (range 1-4) with a diameter of 10 mm (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
There was a close relationship between the size of HCC and the discovery of either neoplastic satellites (close to the largest nodule) or new HCCs in other segments. In fact, about half (57%) of the newly discovered vital satellites and/or new HCC foci (32 out of 56 being "very small" tumors) were associated with the 14 nodules larger than 3 cm, while the remaining 43% (24 out of 56) were distributed among the 46 HCCs Յ3 cm (P Ͻ 0.001).
In a single case, microscopic tumor emboli were detected at histology (microvascular invasion), while none of patients suffered macroscopic vascular invasion or metastatic involvement of the hilar lymph nodes.
Mean AFP serum level at the time of pretransplant RFA was 158 ng/mL (range: 2-1510) with 10 patients (20%) showing AFP Ն300 ng/mL, and only 3 cases Ն1000 ng/mL.
Safety and Therapeutic Assessment of RFA Efficacy at Histology
The average hospital stay for pretransplant RFA was 2.5 days (range: 0 -10). In the 60 HCCs treated with RFA, a low rate of periprocedural complications was observed, since only 8% of patients had major post-treatment problems requiring hospital admission and medical therapy ( Table 2) . Minor complications (mainly fever and pain in the right upper abdominal quadrant) were registered in 10 patients (20%), who did not change their regular outpatient schedule. 33, 34 There was no mortality directly related to RFA, although in 1 patient (2%) an ongoing hepatic deterioration led to transplantation ahead of time: 50 days after RFA.
The rate of morbidity was not significantly different between percutaneous and laparoscopic approach to RFA, 4 -7 needle type, or number of needle applications during each procedure. Although there was a slight increase in Child-Pugh score at the time of transplantation compared with pre-RFA values (Table 1) , that was not significantly different (7.4 Ϯ 1.8 versus 7.5 Ϯ 2.0, respectively).
The median interval from RFA to OLT was 9.5 months (range 2-47), and none of the patients was excluded from transplant operation because of accelerated tumor progression or occurrence of distant metastases while on the waiting list following RFA treatment.
The efficacy of RFA was studied in the explanted liver as the capability to induce complete versus partial necrosis in the targeted tumor nodules. Histologically proven response to RFA was then related to a large series of 28 variables deducible from patient tumor and treatment characteristics (with the 10 most relevant ones reported in Table 3) .
Overall, 33 out of 60 "ablated" HCCs (55%) resulted completely necrotic at histology, while in the remaining 27 (45%) some residual tumor tissue was confirmed. When vital tumoral cells were detected, an average of 65% of the total tumor volume (range 10% to 95%) was occupied by neoplastic (persistent) tissue.
At statistical analysis, tumor size came out as the unique prognostic factor significantly related to complete response to RFA (P ϭ 0.007), while other tumor characteristics (ie, capsule, satellites, multifocality) or AFP variations before and after RFA, or grading of the associated liver cirrhosis (ie, Child-Pugh score or fibrosis score) did not influence the response to treatment.
When response to RFA was correlated with time, the cumulative probability curve expressing HCC persistence in the treated tumor nodule was calculated (Fig. 2) . In HCC nodules treated with a single RFA application, the risk of incomplete necrosis and tumor persistence increased with time and in fact, the cumulative probability of HCC persistence in the treated nodules 12 and 18 months after RFA reached 59% and 70%, respectively.
Imaging Assessment of RFA Effect
In all cases, satisfactory early response signs and correct targeting of RFA were confirmed by 2 radiologists on staff at 24 to 36 hours CT (rim of hyperattenuation surrounding the region of coagulated tumor), with the exception of the 3 pts treated during laparotomy, who were not studied early after surgery. Pretransplant assessment of RFA efficacy, namely a helical CT performed at least 6 months after treatment, was available in only 44 out of 60 treated HCCs, being the other 16 nodules related to patients transplanted at earlier time intervals.
During pretransplant period, CT scan was able to detect partial response to radiofrequency in 30% of the treated HCCs (13 out of 44), while complete tumor extinction was inferred by the absence of any hypervascularization and/or presence of tumor size reduction in the remaining 31 nodules (complete response rate: 70%).
As reported in Table 3 , although there was a trend toward an overestimation of RFA efficacy at CT scan, the comparison between the pretransplant imaging and posttransplant histologic response failed to reach statistical significance.
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Clinical Outcome
Previous treatment with RFA did not harm transplantation procedures, with the exception of 3 patients who had a significantly longer operation time due to previous liver resection associated with ablation of the residual tumor nodule. Six out of 50 cases (12%) received a right-liver graft (either from in vivo splitting of cadaveric donor or through living related donation). There was no significant difference in posttransplant outcome of such group of recipient when compared with candidates receiving a whole liver graft.
Posttransplant immunosuppression was based on cyclosporine (CsA, 22 pts: 44%) or tacrolimus (Tac, 28 pts: 56%) monotherapy associated with rapid withdrawal of steroids (within 2 months from OLT). In 8 patients (16%) with deteriorated posttransplant renal function, mycophenolate mofetil was added during follow-up at the times of significant reduction (Ͼ50%) of CsA or Tac dosage.
After a median posttransplant follow up of 22 months, the 1-and 3-year actuarial patient survival was 95% and 83%, and graft survival was exactly alike, since no patient underwent retransplantation.
During posttransplant follow-up, 4 deaths were registered: 2 for sepsis and brain hemorrhage (at 2 and 18 months) and 2 for HCC recurrence (at 8 and 31 months). Both tumor recurrences involved the liver graft and were also associated with pulmonary or peritoneal metastases. Interestingly, tumor recurrence was registered only in patients with HCC Ͼ5 cm who had partial response after RFA, while none of the patients with complete necrosis after successful RFA suffered tumor recurrence after liver transplantation.
DISCUSSION
Liver transplantation has become a widely accepted therapy for small HCC arising in cirrhosis, namely for patients carrying single tumor Յ5 cm or multiple Յ3 nodules Յ3 cm in size. 32, 35 In recent years, with refinements of posttransplant management and immunosuppression, 36, 37 possible expansions of such Milan criteria have been proposed, 38 even though the "slippery slope" of an increased risk of cancer recurrence has been pointed out. 39 Living donation 40, 41 and in vivo splitting of cadaveric grafts 42 have been considered to comply with the growing number of liver transplant candidates with cancer, together with procedures intended to achieve a pretransplant HCC down-staging. Among them, RFA is increasingly proposed as complementary or even alternative treatment to more conventional approaches [11] [12] [13] [14] 16, 22, 34 such as transarterial chemo-embolization or liver resection. In fact, 33% to 40% longterm patient survival and 3% to 10% tumor-free survival have been reported after RFA, 43, 44 with a complete necrosis rate as high as 58% in medium-large size HCC (ie, above 5 cm in diameter, with cases up to 9.5 cm), using updated equipment, 26 association with hepatic artery balloon occlusion 45, 46 or chemoembolization.
Although the long-term results of RFA, as well as its claimed superiority over liver resection, are not supported by prospective randomized trials, a large mass of clinical experience and technical data has been collected in the last few years, up to the point of considering RFA as the first option to be applied for controlling HCC progression. The effectiveness of percutaneous therapies is widely accepted, and a consensus of experts has assigned to PEI and RFA the role of "curative" treatment of HCC. 25 However, the final acceptance of RFA in the general treatment strategy against HCC still awaits confirmations on ideal assessment of posttreatment tumor necrosis, relationship with technology, application modalities, tumor characteristics, and operator experience. 13, 14, 27, 47, 48 In current RFA applications, both technical performance and subsequent assessment of result are performed by the same specialty, and differently from any other treatment in oncology, there is a very rare cross-reference to pathology (as in surgical or medical oncology before/after tumor treatment/removal). In most studies, RFA is applied without previous biopsy, even though tumors of less than 2 cm with doubtful imaging and normal AFP warrant pretreatment histologic confirmation of HCC. 24 Patients with small focal lesions needing a diagnostic biopsy before treatment are not a leftover category 13, 34 and in the present pretransplant series represented 12% of all nodules of HCC treated with RFA.
Even when ablative therapies are applied on histologically proven HCC, the results in terms of complete or partial tumor extinction are often debated, and very few studies have been designed to check at histology the precise results of RFA. 11, 15, 16, 22, 28, 49 On the contrary, assessment of response to RFA in the current practice mostly relies on careful imaging and AFP dosage during follow-up, [17] [18] [19] without requirements for histologic confirmation of tumor persistence suspected at CT or NMR scan. In the present study, the effectiveness of RFA, in terms of complete destruction of HCC, has been confirmed at histologic analysis in 55% of the targeted nodules. The percentage of complete response to RFA increased to 63% when tumors did not exceed 3 cm in diameter, and in fact the size of HCC was confirmed as the only significant factor predicting complete extinction of neoplastic cells after RFA (Table 3 ) regardless of any other tumor characteristics and treatment modalities.
When the histologic response rate was compared with radiologic assessment (70% complete response rate), a nonsignificant trend toward a CT scan overestimation of RFA results was seen. Technical refinements in image acquisition, as well as the small size of the tumor nodules collected in the present series (medially 3 cm), accounts for such a high rate of success; in addiction, tumor necrosis was evaluated at a 6-month CT scan, namely, at a follow-up interval accepted as highly predictive for correct determination of post-RFA necrosis. 27, 50 A reliable and more independent forecast on post-RFA response will be certainly available in the near future through technical refinement in imaging (ie, tumor vascularity on NMR or contrast color Doppler) and with measurement of metabolic activity in the treated tumor by positron emission tomography (PET): until then, other approaches to the key question of response to treatment should be considered investigational. 49 In the present prospective study, each tumor nodule was treated with a single session of RFA, and the histologic result became available only at transplantation, namely, at an unpredictable interval after treatment. Such condition allowed the calculation of a risk curve foreseeing a 59% and 70% tumor persistence rate 12 and 18 months after a single session of RFA on a small HCC (Fig. 2) . Whether such quantitative analysis will be confirmed or denied by future larger trials, the qualitative aspects of the data support the fact that RFA, differently from resective surgery, does work as a tumor-debulking procedure whose effectiveness decreases over time and depends on the size of targeted HCC. On clinical grounds, that is proven by the high need for multiple RFA treatments in case of medium to large (Ͼ5 cm) HCC 26, 47 and by the widespread (although unquantified) practice of retreatment of already "ablated" small HCC whenever persistence of neoplastic tissue is suspected. 13, 45, 50 Based on the results of the present study, the practice of repeated RFA could be even recommended at given intervals after the first treatment for prevention of tumor resumption even in apparently "silent" areas.
The fact that histologic response to RFA could be either partial or complete did not play a role in determining patient outcome after OLT, at least in the present study where the important bias of patient selection (ie, only HCC at early stage) should be acknowledged. However, the use of RFA for sustained down-staging of advanced HCC candidates to OLT should be further investigated, with possibly more applications and easier management than liver resection 10, 51 or chemoembolization. 52 The condition of multifocality underlines any HCC arising in cirrhosis. However, patients can still be considered at early stage of diseases when carrying Յ3 nodules Յ3 cm of tumor, with the same chance of post-OLT survival of single HCC up to 5 or even 6.5 cm in size. 32, 38 Such "limited multifocal disease" emerged before transplantation in 18% of our patients while increased to 36% when the entire explanted liver was studied at the pathology table (Table 1) . Small HCC Ͻ2 cm should be biopsied prior to any treatment, 24 a recom-mendation that recognizes the risk of overtreatment of nontumoral lesion, with consequent overestimation of post-RFA results.
In this prospective study, RFA was confirmed as an effective bridge to liver transplantation 11, 28, 49 since no rapid HCC progression, tumor seeding, or vascular invasion was observed during the pretransplant period. Safety was also confirmed in patients with a Child B-C cirrhosis 33 since major complications occurred in 8% of our cases ( Table 2) with only 1 (2%) experiencing a severe decline in liver function, a result that settles halfway between the 2.2% and 22% reported in other nontransplant settings. 33, 53, 54 It is worth noting that in severe cirrhotics, the observed complication rate after RFA could even be considered a clinical amelioration with respect to chemoembolization, where posttreatment liver deterioration is more common. 55 In contrast to microwave and laser-induced thermal ablation, newer RFA probes will achieve larger volumes of necrosis, with predictable extension of their applications in HCC. The employment of updated technologies in this study (up to 2003) has shown that destruction of small HCC can be achieved in a significant number of cases, although not always. The increased incidence of tumor resumption at progressively longer time intervals from RFA is likely to occur even more frequently after treatment of large tumor volumes or employing progressively shorter sessions of RFA. Such attempts need to be confirmed in carefully designed trials, considering the ultimate judgment of histology as the golden standard to pursue.
In summary, our data support RFA as a safe and effective treatment of small HCC, although size of tumor (Ͼ3 cm) and time from treatment (Ͼ1 year) are associated with a high risk of tumor persistence in the targeted nodule. The histologic analysis confirming RFA as the ultimate "debulking procedure" for HCC sets ablation procedures apart from any surgical removal of liver tumors, as for resection or transplantation. In the present prospective series, RFA was able to control tumor progression without additional complications and act as an effective bridge to transplantation, providing that the tumor was small in all candidates. Radiologic assessment remains the most common tool to score RFA results, although pre-and post-treatment histologic evaluation remains unique for assessing tumor stage and response to treatment.
RFA should not be considered as an independent therapy for liver tumors. 13 Rather, combination with different therapies, including surgery, should be tested in prospective studies to establish solid multidisciplinary approaches for the treatment of HCC in cirrhosis. Agency (NITp) for their support. The editorial assistance of D. Guarneri and E. Bertocchi is greatly acknowledged.
